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SUMMARY 
The  Ocean Color  Scanner  co l lec ted  da ta  on October 15, 20, and 22, 1980, 
during  Superf lux 111. Single   channel   g ray  scale da ta   p roducts   genera ted  
5 minu tes  a f t e r  t he  scanne r  da t a  w e r e  c o l l e c t e d  showed d e t a i l s  o f  t h e  Chesa- 
peake Plume s t r u c t u r e ,  s u g g e s t i n g  t h a t  t h i s  q u i c k - l o o k  c a p a b i l i t y  c o u l d  
h a v e  p o t e n t i a l  u s e  t o  e x p e r i m e n t e r s  i n  real time. The  Chesapeake Bay Plume 
extended offshore about  5 n a u t i c a l  miles on October 15 and 7 n a u t i c a l  miles 
on October 20.  The s c a n n e r  d a t a  a l s o  show many o t h e r  water f e a t u r e s  w i t h i n  
t h e  l o w e r  b a y  i t s e l f .  
INTRODUCTION 
I n  o r d e r  t o  assess t h e  p o s s i b i l i t y  of r e l a t i n g  h i g h  a l t i t u d e  r e m o t e l y  
sensed  spec t r a l  s igna tu res  to  Chesapeake  Bay plume f e a t u r e s ,  a n  Ocean Color 
Scanner (OCS) w a s  flown a t  a n  a l t i t u d e  of 12.5 ki lometers  ( 4 1  000 f e e t )  
dur ing  the  Super f lux  I11 experiment on October  15,  20,  and  22,  1980. 
The OCS is a ten-band instrument  covering the spectral  range of 418 t o  
804 nanometers.  Each  channel  has a bandwidth of 20 nanometers.   The  instan- 
t a n e o u s  f i e l d  of view a t  n a d i r  i s  60 meters a t  the  12 .5-k i lometer  a l t i tude .  
The center  wavelengths  for  the ten bands are l i s t e d  on t a b l e  I. An i n t e g r a l  
p a r t  of t h e  OCS system i s  a se t  of i n s t rumen t s  t ha t  a l lows  fo r  real  t i m e  
t ransmiss ion  of a s ing le  channe l  of  scanner  data.  The  image  can  be  generated 
5 m i n u t e s  a f t e r  t h e  d a t a  is  c o l l e c t e d ,  g i v i n g  i n v e s t i g a t o r s  a real t i m e  look 
a t  t he  da t a .  A f i l m  r e c o r d e r  is  used  to  create the  single-channel  image. 
The recorded image is a gray  scale f i lm  p roduc t  w i th  the  shades  o f  g ray  
c o r r e s p o n d i n g  t o  t h e  b a c k s c a t t e r e d  l i g h t  i n t e n s i t y  levels r e c o r d e d  i n  a 
pa r t i cu la r  channe l .  The s ingle-channel   images  can  be  used  to   qual i ta t ively 
i n d i c a t e  t h e  l o c a t i o n  and d i s t r i b u t i o n  of suspended  par t icu la te  matter. 
EXPERIMENT 
The OCS w a s  flown  on  October 15, 20,  and  22,  1980.  There were s ix  
f l i g h t  l i n e s  f l o w n  on O c t o b e r  1 5  ( s e e  f i g .  1 ) .  F l i g h t  l i n e  4 was flown 
twice, o n c e  i n  a s o u t h e a s t  d i r e c t i o n  ( l i n e  4 )  and la ter ,  i n  a northwest  
d i r e c t i o n  ( l i n e  6 ) .  The arrows on t h e  f l i g h t  l i n e s  i n  f i g u r e  1 i n d i c a t e  t h e  
d i r e c t i o n  i n  w h i c h  a i r c r a f t  f l e w  w h i l e  t h e  times l i s t e d  are the start  times 
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o f  e a c h  f l i g h t  l i n e .  The t i d e  times shown i n  f i g u r e  1 are f o r  t h e  Chesapeake 
en t rance . for  October  15 .  A compar ison  of  the  f l igh t  times w i t h  t h e  t i d e  
s c h e d u l e  i n d i c a t e s  t h a t  t h e  o v e r f l i g h t s  b r a c k e t e d  s l a c k  a f t e r  ebb t i d e  which 
m e t  one object ive of  the experiment  (i.e., t o  view maximum plume expansion) .  
The b e g i n n i n g  a n d  e n d i n g  f l i g h t  l i n e  c o o r d i n a t e s ,  t h e  s t a r t i n g  times, air- 
c r a f t  h e a d i n g ,  Sun azimuth, and Sun e l e v a t i o n  are l i s t e d  i n  t a b l e  11. 
On t h e  1 5 t h ,  f i v e  b o a t s  p a r t i c i p a t e d  i n  sea t r u t h  c o l l e c t i o n ;  18 d a t a  
sets were c o l l e c t e d .  F i v e  s t a t i o n s  were sampled a t  t h e  t i m e  of t h e  f i r s t  
and t h i r d  f l i g h t  l i n e s .  F o u r  s t a t i o n s  were s a m p l e d  d u r i n g  f l i g h t  l i n e  5. 
One s t a t i o n  w a s  s a m p l e d  d u r i n g  f l i g h t  l i n e  6 and t h r e e  s t a t i o n s  were sampled 
about a h a l f  h o u r  a f t e r  t h e  l as t  f l i g h t  e n d e d .  The pos i t i ons  o f  t he  18 
s t a t i o n s  are shown i n  f i g u r e  2. Only 1 7  s t a t i o n s  are shown s i n c e  S t a t i o n  J 
was sampled a t  two d i f f e r e n t  times. The time o f  e a c h  s t a t i o n  c o l l e c t i o n  and 
t h e  b o a t  p o s i t i o n  c o o r d i n a t e s  are l i s t e d  i n  t a b l e  111. On t h i s  d a y ,  t h e  
winds were out  of the  southwes t  a t  10 knots .  
On October 20, 1980,  the OCS f l e w  t h r e e  f l i g h t  l i n e s ,  as shown i n  
f i g u r e  3 .  The a r r o w s  i n d i c a t e  t h e  d i r e c t i o n  t h e  a i r c r a f t  f l e w  w h i l e  t h e  
times r e p r e s e n t  t h e  s ta r t  t i m e  f o r  e a c h  l i n e .  The  October 20 t i d e  times a t  
the  Chesapeake  entrance are a l s o  shown on f i g u r e  3 .  The f l i g h t  l i n e  times 
b r a c k e t  t h e  maximum e b b  t i d e  t i m e .  The beg inn ing  and  end ing  f l i gh t  l i ne  
coord ina te s ,  t he  start time, a i r c r a f t  h e a d i n g ,  Sun azimuth,  and Sun e l e v a t i o n  
are l i s t e d  i n  t a b l e  I V .  Strong  winds  from  the  northwest of about 18 knots  
kep t  a l l  the  sea - t ru th  co l l ec t ing  boa t s  i n shore ,  excep t  t he  Ke lez  wh ich  
c o l l e c t e d  s e v e n  s e a - t r u t h  d a t a  p o i n t s  u n d e r  f l i g h t  l i n e  1. The s t a t i o n s  
are loca ted  as shown on f i g u r e  4 .  The times and loca t ion  coord ina te s  of 
t h e  s t a t i o n s  are g iven  i n  t a b l e  V. 
The OCS f lew a t h i r d  m i s s i o n  on  October 22. The purpose of t h i s  m i s s i o n  
was t o  f l y  a t  t h e  same time as the  Mul t ichannel  Ocean Color Sensor being 
flown  on a P-3 a i r c r a f t  a t  a lower  a l t i t ude .  Two p a r a l l e l  f l i g h t  l i n e s  were 
f lown  ( f ig .  5 ) .  The first covered an area from t h e  mouth of  the  Chesapeake 
Bayoto as f a r  west as 74O40' west longi tude .  The  second f l i g h t  was flown 
1 8 0  t o  and  about 3 n a u t i c a l  miles n o r t h  o f  t h e  f i r s t  l i n e .  ( S e e  t a b l e  V I ) .  
SUMMARY AND DISCUSSION 
The s ingle-channel  gray  scale da ta  p roduc t s  gene ra t ed  d id  show d e t a i l s  
of the  Chesapeake Bay plume s t r u c t u r e .  Complete a n a l y s i s  o f  t h e  m u l t i s p e c t r a l  
s canne r   da t a   r equ i r e s   t h ree   s t eps :   (1 )   p rep rocess ing  of t h e  d i g i t a l  d a t a ,  
(2) c o r r e l a t i o n  o f  d i g i t a l  d a t a  w i t h  sea t ru th  da t a ,  and  (3)  use  of  co r re l a -  
t i o n  t o  p r o d u c e  q u a n t i t a t i v e  maps. A t  t h e  time o f  t h i s  Symposium, t h e  
d i g i t a l  d a t a  were s t i l l  being preprocessed.  One o f  t he  p rep rocess  s t eps  tha t  
has been  completed i s  a scan  angle  cor rec t ion .  The OCS has  a scan angle  of  
- +45O. A s  t he  ang le  inc reases ,  t he  d i s t ance  f rom the  scanne r  to  the  water 
sur face  e lement  be ing  v iewed increases  and  increas ingly  grea te r  amounts of 
Sun and sky r a d i a t i o n  s c a t t e r e d  by the atmosphere reach the scanner  and 
c o n t r i b u t e  t o  t h e  t o t a l  r a d i a t i o n  s e n s e d .  A t  t h e  same time, the   longer   pa th  
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l e n g t h  r e s u l t s  i n  i n c r e a s e d  a t m o s p h e r i c  a t t e n u a t i o n  o f  t h e  r a d i a t i o n  o r i g i -  
na t ing  f rom the  water. The  scan  angle  cor rec t ion  normal izes  the  rad iance  
a t  non-zero  scan  angles  to  tha t  a t  n a d i r .  F o r  t h i s  work, t h e  c o r r e c t i o n  
is made empi r i ca l ly .  F igu re  6 shows the  shape  of  a typ ica l  a lgo r i thm used  
t o  c o r r e c t  t h e  d i g i t i z e d  d a t a .  The c o r r e c t i o n  d i f f e r s  f r o m  c h a n n e l  t o  
c h a n n e l  a n d  c a n  a l s o  d i f f e r  i n  t h e  same c h a n n e l  f r o m  f l i g h t  l i n e  t o  f l i g h t  
l i n e .  
Af t e r  t he  scan  ang le  co r rec t ion  w a s  app l i ed ,  f a l se  co lo r  images  were 
generated from Band 7 (664-684 nanometers) of the October 15 and 20 d i g i t i z e d  
da ta .  Black  and  whi te  copies  of  the  co lor  or ig ina ls  are shown i n  f i g u r e s  7, 
8, and 9 .  F igure  7 i s  a m o s a i c  o f  f l i g h t  l i n e s  2 ,  3,  and 4 c o l l e c t e d  on 
October 15. On th i s  day ,  t he  winds  were from the southwest  a t  10 knots  and 
the  scanner  da ta  w a s  co l l ec t ed  a round  s l ack  a f t e r  ebb  t i de .  The r ad iance  
color code is  shown under  the 9 : 3 4  EST f l i g h t  l i n e .  The shade of gray on 
t h e  l e f t  r e p r e s e n t s  t h e  l o w e s t  r a d i a n c e  levels whi le  those  on t h e  r i g h t  
r ep resen t  t he  h ighes t  r ad iance  levels. So wi th in  the  bay ,  t he  cha lk  co lo r  
r ep resen t s  a body of water wi th  a lower radiance level than  the  sur rounding  
dark gray color  water. Areas wi th  l i gh te r  shades  of  gray  wi th in  the  dark  
gray body  of water r e p r e s e n t  r a d i a n c e  l e v e l s  t h a t  are h ighe r  t han  the  su r -  
rounding  dark  gray. A v a r i e t y  of f ea tu res   can   be   po in t ed   ou t .   The re  i s  a 
lower radiance level  body of water tha t  ex tends  from t h e  mouth of t h e  York 
R i v e r  t o  a l i n e  r o u g h l y  p a r a l l e l  w i t h  t h e  mouth  of t he  Hampton Roads. From 
t h e  Hampton Roads  mouth t o  t h e  mouth  of the Chesapeake Bay, t h e  water rad i -  
ance   l eve l  i s  h ighe r ,  as i n d i c a t e d  by the  dark  shade  of   gray  color .  S t i l l  
h ighe r  r ad iance  l eve l s  are seen hugging the coast  around both Cape Henry and 
Cape Charles.  Off  of  Virginia  Beach,  the water has  a h igh  r ad iance  level.  
I f  i t  i s  assumed t h a t  t h e  d a r k  g r a y  c o l o r  water mass extending out  of  the bay 
mouth represents the Chesapeake plume, then the plume extended about 5 
n a u t i c a l  miles o f f shore .  
On t h e  1 5 t h ,  f l i g h t  l i n e s  1, 3, and 5 covered the mouth  of the  bay .  
Figure 8 shows t h e  t h r e e  l i n e s .  T h i s  f i g u r e  g i v e s  a s h o r t  t i m e  h i s t o r y  of 
t he  water movement around the Bay mouth.  The gray scale is t h e  same as i n  
f i g u r e  7.  I f  t h e  t h r e e  f l i g h t  l i n e s  are viewed i n  t h e i r  t i m e  sequence,   then 
the  cha lk  co lored  water mass i s  s e e n  t o  move south.  The dark gray water m a s s  
a l s o  seems t o  move sou theas t  ou t  o f  t he  bay .  These  f l i gh t  l i nes  have  no t  
been normalized for  Sun' a n g l e  d i f f e r e n c e s  so  the  appa ren t  movement of t h e  
dark gray water mass ou t  of t he  Bay  may be due, i n  p a r t ,  t o  a n  i n c r e a s e  i n  
water radiance caused by a n  i n c r e a s e  i n  Sun e l eva t ion .  
F igure  9 p r e s e n t s  a m o s a i c  o f  f l i g h t  l i n e s  1 and 3 t h a t  w a s  taken on 
October 20.  On th is  day ,  the  winds  were o u t  of the  nor thwes t  a t  about  18 
knots .  The scanner   da ta  w a s  co l lec ted   a round  ebb   t ide .  The gray scale c o l o r  
code i s  shown under  the  12:lO EST f l i g h t  l i n e .  A d e f i n i t e  plume is seen  
coming out  around Cape  Henry f lowing south.  It ex tends  f a r the r  sou th  than  
the October 15 plume. There is  a second outflow coming out  the  middle  of  the  
Bay mouth. The re   a l so  seems t o  b e  a third  outf low  around Cape Charles .  
Water in  both the Thimble Shoal  Channel  and the Chesapeake Channel has a 
lower  rad iance  than  the  sur rounding  water. The  Chesapeake  plume seems t o  
extend about 7 n a u t i c a l  miles offshore which is f a r t h e r  t h a n  it was on 
October 15. 
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FUTURE WORK 
Cor re l a t ion  of t h e  d i g i t a l  d a t a  w i t h  c h l o r o p h y l l  and suspended solids 
will be at tempted.  OCS and MOCS d a t a  w i l l  a l s o  b e  compared. 
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F l i g h t   A l t i t u d e  
- Bands 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TA.BLE I. - O C W  COLOR SCANNER INFORMATION 
12.5 km (41000 f e e t )  
Center Wavelength 
428 nm 
466 
508 
549 
592 
632 
674 
714 
756 
794 
Bandwidth 20 nm Ground Resolut ion 60 m, (300 f e e t )  
TABLE 11. - OCTOBER 15,  1980 FLIGHT DATA 
Fl ight   Coordinates  Star t  Time A i r c r a f t  
Line  Begin - End E ST Heading 
1 36'45.1'N x 75'51.3'W  7'21.2'N x 76'21.9'W 
2 37'18.5'N x 76'29.2'  3647.0' x 76'03.3' 
3 36'36.2' x 75'39.5'  37'23.6' x 76'21.1' 
4 37'14.8' x 75'57.3'  36'37.3' x 75'24.8' 
5 36'35.6' x 75'35.5'  7'17.2' x 76'11.6' 
6 ( 4'0ver again 
36  40.9' x 75  28.0' b 37'15.0' x 75'57.5' 
9:  19  328.9'
9: 34 146.5' 
9: 50 325.5' 
10: 06 145.2' 
10: 25  325.3'
10: 51 322.1' 
Sun Sun 
Azimuth Elevat ion 
132' 30' 
135'  32' 
140' 35' 
143'  36' 
149'  39' 
155' 41' 
FL-1 -
Sta t ion  
Time  EST 
Location 
FL-3 - 
Sta t ion  
Time EST 
Location 
FL-5 - 
Sta t ion  
Time EST 
Location 
FL-6 - 
Sta t ion  
Time EST 
Location 
TABLE 111. - SEA TRUTH DATA COLLECTED UNDER OCS OCTOBER 15, 1980 FLIGHTS 
Kelez -
80  8 
9: 1 4  
36'45.7 'N 
75'54.67'W 
809 
9: 50 
36'46.36 'N 
75'48.77'W 
821 
10: 28 
36'47.42 'N 
75'42.62'W 
810 
10: 48 
36'47.67'N 
75'41.12 ' W 
John Smith 
805 
9:19 
36'51.5 ' 
75'55.4 
70 
9: 58 
36'52.1' 
75'52.6 ' 
806 
10 : 32 
36'52.5 ' 
75'49.5 ' 
Judi th  Ann 
J 
9: 30 
36'59.3' 
75'58.5 ' 
J-1 
9: 48 
36'59.5 
75'58.5 ' 
RV Langley 
LY1 
9: 20 
36'57.1' 
76'02.2 
LY2 
9:  58 
36'58.6 ' 
76'00' 
LY3 
10 : 40 
37'01.5' 
75'56.2' 
Holton 
69 
9: 19 
36'55.0' 
75'58.0' 
802 
9: 50 
36'56.0' 
75'55.3 ' 
803 
10:  33 
36'58.0' 
75'51.5' 
S t a t i o n  
Time EST 
Location 
TABLE 111. - SEA TRUTH DATA COLLECTED UNDER OCS OCTOBER 15, 1980 FLIGHTS 
Ke le  z 
811 
11: 44 
36'48.73 'N 
75'32.26'W 
(continued) 
John  Smith J u d i t h  Ann RV Langley 
80'7 
11: 27 
36'54.2 ' 
75'40.6 ' 
! 
Holton 
804 
11: 25 
37°01.02' 
75'44.2' 
TABLE IV. - OCTOBER 20, 1980 
Fl ight   Coordinates  
Line Begin 
" ~~ 
End -
S t a r t  T i m e  Aircraft Sun Sun 
EST Heading  Azimuth Elevat ion 
1 36'46.4'N x 75'51.1'W 37'25.7'N x 75'57.4'W 11:31 
2 36'43.2' x 75'37.7' 37'19.5' x 75'42.4' 11: 58 
3 37'19.9' x 76'10.9' 36'49.9' x 76'06.2' 12: 10 
352.8' 168'  43' 
355.1' 178' 4' 
172.7' 184' 43O 
TABLE V. ->SEA TRUTH  DATA  COLLECTED  UNDER  OCS  OCTOBER 20, 1980 E'LIGHTS 
Station 
KZ 1 
KZ 2 
K z 3  
K z 4  
K z 5  
K Z 6  
KZ 7 
F1 
T ime  
EST 
11: 30 
11: 35 
11: 40 
11: 45 
11: 50 
11:55 
12: 00 
I_ 
l o r d i n  -i g h t  c o  
L i n e   B e g i n  
-
1 36'59.5'N x 76'20' 
2 37'02' x 74'40' 
L o c a t i o n  
36'56.03 'N x 75'53.00 'W 
36'56.58 ' x 75'52.95 ' 
36'57.16' x 75'52.90' 
36'57.72' x 75'52.81' 
36'58.41' x 75'52.94' 
36'59.07' x 75'53.01' 
36'59.72 ' x 75'53.12 ' 
TABLE V I .  - OCTOBER 22, 1980 
.ates 
I_ 
End -
36'59.5'N x 74'40'W 
37'02' x 70'10' 
Aircraft 
Heading 
90' 
270' 
30' 
97' OO'N 
30' 
F i g u r e  1.- F l i g h t  t r a c k  of  Lear Jet/OCS 
mapping   miss ion   on   October  1 5 ,  1980. 
F i g u r e  2.- L o c a t i o n  of  s e a - t r u t h  s t a t i o n s  
on Oc tobe r  1 5 ,  1980. 
r 
OO'N 
00' N 
30' 16°'00'W 30' 
F i g u r e  3 . -  F l i g h t   t r a c k  of  Lear   Je t /OCS  F igure  4.- L o c a t i o n  of s e a - t r u t h   s t a t i o n s  
mapping  mission  o   October  20,  1980. on  October  20, 1980. 
Figure  5.- F l i g h t  t r a c k s  of  P-3/MOCS a n d  
Lear Jet/OCS  missions on October 2 2 ,  1980. 
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Figure 6 . -  Scan   angle   cor rec t ion   curve .  
. ,  
.I . 
A ,  
Figure  7.- Mosaic of f l i g h t  l i n e s  2,  3 ,  and 4 
taken on October 15, 1980. 
Figure  8 . -  Composite of f l i g h t  l i n e s  1, 3 ,  and 5 
taken on October 15, 1980. 
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Figure 9.- Mosaic of f l i g h t  l i n e s  1 and 3 
taken 0" October 209 lgaO.  
